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ABSTRACT

Currently, deep beams are designed according to ACI 318-99 equations derived from experimental data for slender
beams with normal-strength concrete. In addition, there is relatively limited information on high-strength concrete
deep beams with shear reinforcement. The purpose of this experimental study is to investigate the shear behavior of
high-strength concrete deep beams and to grasp the conservatism of ACI shear design provisions. Experimental
results on the shear behavior of 22 deep beams under two equal symmetrically placed point loads are reported.
compressive strength of concrete cylinder was 800kgf/cm’, and main variables were vertical and horizontal shear
reinforcement and shear span-to-overall depth ratio (a/h).

Test results showed that for high-strength concrete deep beams with shear span-to-overall depth ratio exceeding
0.75, the vertical shear reinforcement more effectively resisted the shear load than horizontal shear reinforcement. In
high-strength concrete deep beams, ACI shear design provisions tended to underestimate the effect of strut-tie action
and vertical shear reinforcement and overestimate the ones of horizontal shear reinforcement. Based on the
experimental results of high-strength concrete deep beams and shear friction theory, this study modified the
equations on the shear capacity specified by the ACI provisions.
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Table 1 Properties of specimen and test results
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Shear reinforcement Shear force Reserved
fex a i Vertical Horizontal . | strength
Specimen* | (kgf/cm®) | (cm) | (cm) @/h | Ik (kg{;?:mz) o Su o Sk (tggf) (t(‘)/rl;f) (:(/)Snf) Ve
(cm) (cm) (tonf)
5NN 0.0 - 0.0 - 355 84 - 485
bNS 0.006 | 148 | 0.0 - 365 91.3 7.30 54.8
SNT 0 05 0012 74 | 0.0 - 355 98.7 14.70 63.2
5SN 0.0 - 10006 | 148 40 100.1 16.10 60.1
558 0.006 | 148 10006 | 148 | 35.2 1052 | 21.20 70.0
5TN 210 35 00 | - [0012] 74 | 41 | 1158 | 3180 | 748
NS 0.006 | 148 | 00 - 295 828 - 533
7SN 42 0.7 0.0 - 100061 148 31 7.2 - 402
7SS 0006 | 148 {0006 { 148 | 315 36.8 - 55.3
10NN 0.0 - 0.0 - 26 585 - 325
10NS 800 4160 0006 | 148 | 0.0 - 245 69.2 10.70 447
10NSR 150 2.5 ’ 0006 | 148 | 00 - 295 69.3 10.80 39.8
1ONT 210 3.5 0012 74 | 00 - 30 795 21.00 495
1ONTR 150 25 0012 74 | 00 - 294 82.4 23.90 53.0
10SN 60 {210 | 1.0 | 35 0.0 - 1 0006|148 | 255 61.9 3.40 364
10SNR 150 25 0.0 - 1 0006|148 29 66.9 8.40 379
10SS 210 35 0.006 { 148 | 0.006 | 148 | 287 66.1 7.60 374
10SSR 150 25 0.006 | 148 { 0.006 | 148 | 29.3 64 550 347
10TN 210 35 0.0 - 10012 | 74 29.7 62 3.50 32.3
10TNR 150 25 0.0 - 10012 74 289 67 8.50 381
15NN 90 210 15 | 35 0.0 - 0.0 - 177 335 - 15.8
1555 210 0.006 | 148 {0006 | 148 { 185 42.7 9.20 24.2
*]10SNR
L — The same as right above specimen except length
Vertical reinforcement ratio : N( £,=0.0), S( 0,=0.006), T( 0,=0.012)
Horizontal reinforcement ratio @ N{ 0x=0.0), S( 04=0.006), T( £,=0.012)
Shear span-Overall depth ratio : 5(a/h=0.5), T(a/h=0.7), 10(a/h=1.0), 15(a/h=1.5)
#% Vi = (Vi) = (Vidwo shear reinforcement
wx V=V~ Vo
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Fig. 1 Dimensions and details for specimen (unit : cm)

Table 2 Mix proportion and compressive strength of
concrete

Unit content(kgf/nr')

Design |W/Bi Compre-

strength)nder’ C|F/A|S/FIW | S| G |AD”™ stizggeth
? [
that/an)| G (kgf/cuf)

800 | 229 |56C| 70 | 70 |160|578 (977|189 800

" Binder : Cement+F/A+S/F
™ AD : Super-Plasticizer

250 ~—5—BsNN —=—5NS

—A— 5NT —+— 5SN

200

-
wn
o

Total load (tonf)

100}

sof &

Mid-span deflection(mm)

(a) a/h=05

—o— 10NN —8—10NS
—A— {ONT —+—10SN
| —¢— 108S ——10TN

Total load (tonf)

20

Mid-span deflection(mm)

(b) a/h=1.0
Fig. 2 Applied load and mid-span deflection
relationship
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Fig. 3 Influence of a/h on shear strength
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Fig. 10 Comparison of shear strength provided by
concrete and shear reinforcement with
modified ACI Code provisions
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